INTRODUCTION
Anomalously high values of Ir have been detected in association with the Cretaceous/Tertiary boundary in about a dozen marine or continental sections laid down about 65 Ma in many different parts of the world (Alvarez et al., 1981) . One possible exception is the Cretaceous/Tertiary boundary region in DSDP Site 356, in the South Atlantic off the coast of South America. In a detailed study of that section, the maximum Ir abundance was about 0.2 ppb, much lower than the 3-90 ppb found in most of the other marine locations (authors' unpublished data on the Cretaceous/Tertiary region of Site 356, 1982) . A study of Hole 516F, which is not too far from Site 356, could show whether the very low (or missing) Cretaceous/Tertiary Ir anomaly at Site 356 is characteristic of this region of the South Atlantic.
CORE LITHOLOGY AND STRATIGRAPHY
The position of the Cretaceous/Tertiary boundary at Hole 516F may be determined quite precisely, since calcareous nannoplankton and planktonic foraminifers are moderately to well preserved throughout virtually the entire pelagic sequence on the Rio Grande Rise. The boundary occurs in Section 516F-89-5 (Fig. 1) , and the microfossil assemblages give no evidence of any hiatus between the Maestrichtian and the Danian (Paleocene).
In the split cores, there were no detectable artifacts of reworking that may have been introduced by bioturbation in situ or by drilling brecciation. In addition, the microfossil assemblages show no co-occurrences of Cretaceous and Paleocene marker species in samples near the boundary. Thus, we are confident that the "boundary" recovered in the cores from Site 516 is reasonably representative of in situ deposition conditions, with minimal post-depositional vertical reworking or mixing of lithologies.
Biostratigraphically the Cretaceous/Tertiary boundary may be identified as follows: nannofossil assemblages show that the oldest zone of the Paleocene (Markalius inversus Zone, NP1) extends down to SamBarker, P. F., Carlson, R. L., Johnson, D. A., et al., Init. Repts. DSDP, 72 : Washington (U.S. Govt. Printing Office).
pie 516F-89-5, 33.5 cm; the youngest Cretaceous zone (Micula mura zone) begins at Sample 516F-89-5, 34.5 cm and continues downward. Planktonic foraminifers are relatively rare in the basal Paleocene. Several small specimens (< 150 µ) described as Eoglobigerina sp. are present in Samples 516F-89-5, 21-24 cm and 24-26 cm (Pujol, this volume); this is consistent with a basal Cenozoic age, Zone Pla. The characteristic Cretaceous planktonic foraminifers (e.g., Globotruncana spp.) are present in Sample 516F-89-5, 28-30 cm, and extend downward below this level. More extensive documentation of the calcareous microfloral and microfaunal successions around the Cretaceous/Tertiary boundary in Hole 516F is presented in separate chapters in this volume (Weiss, Pujol).
The lithologic sequence in the vicinity of the Cretaceous/Tertiary boundary may be summarized as follows: the lower Paleocene sediment is generally a reddish brown (5 YR 5/3) partially dolomitized microcrystalline limestone. The interval directly above the boundary in Sample 516F-89-5, 27-33 cm (Fig. 1 ) is cut by a complex sequence of gray and reddish brown oblique laminations, denoting a transition zone to the underlying light gray limestone. At Sample 516F-89-5, 34.0-34.5 cm, there is a thin dark gray (5 YR 5/1), clayrich layer with sharp and irregular upper and lower contacts. The uppermost Maestrichtian limestone is light gray to white, showing common bioturbation structures in some intervals, and lacking the secondary intrastratal solution structures that are common above the Cretaceous/Tertiary boundary. It is noteworthy that, at Site 516, there is no single distinctive "boundary clay"; instead, there are a number of darker-colored layers and laminations in Sample 516F-89-5, 26-35 cm (Fig. 1) , which are presumably more clay rich than the surrounding limestone. The thin, dark gray clay at Sample 516F-89-5, 34.0-34.5 cm, however, does appear to correspond with the Cretaceous/Tertiary boundary according to nannofossil biostratigraphy (Fig. 1) .
METHODS

Sampling
Sixteen samples from Interval 516F-89-5, 11-130 cm, and four other samples (64) (65) (66) (129) (130)  H.V.MICHEL ETAL. -89-4, 78.5-80 cm; and 516F-89-4, 90-92 cm) were dried at about 130°C and ground with an agate mortar and pestle. Duplicate samples were taken from each of the ground powders. One sample of a duplicate set was used in a 20-minute low-flux neutron irradiation, and the duplicate was used in an 8-hour full-power neutron irradiation. These samples, which are indicated in Table 1 by the neutron activation analysis (NAA) pill name 2017, were subsequently found to be contaminated with Ir from the platinum rings worn by the technician who ground and prepared them for NAA (Alvarez et al., 1982) . New samples from the identical intervals were dried, ground, and prepared for NAA by a technician who did not wear rings, and they can be identified in Table 1 
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Note: NAA = neutron activation analysis.
perpendicular to the gravitational field for the grinding action, hand grinding with a mortar and pestle has a much smaller effect.
Measurements
All samples were measured by high-precision methods of neutron activation analysis (Perlman and Asaro, 1969; Perlman and Asaro, 1971; Yellin et al., 1978; Asaro et al., 1981) . Most elements were calibrated against a multielement standard, "STANDARD POTTERY" (Perlman and Asaro, 1971) . Chlorine and calcium were calibrated against primary standards, and Ir was calibated against a secondary Ir standard, DINO-1, made from the Cretaceous/Tertiary boundary layer at Stevns Klint (Alvarez et al., 1982) . The data, except for some on the rare earths that are still being processed, are shown in Tables 2 and  3 . Seawater contributions for Na were deduced from the Cl abundances and subtracted from the Na values. The listed errors, which are estimates of the standard deviations, correspond to either the statistical uncertainties in counting gamma rays or 1% of the abundances, whichever are larger. The precisions of measurement are about equal to these errors. The accuracies are usually close to the precisions for elements calibrated against primary or secondary standards. Zn, Se, and Mg were calibrated against flux monitors and contain about 10% additional uncertainties.
Sampling Homogeneity
In one set of the 2017 samples run, Ba abundances were measured (after a low-flux irradiation) with the gamma rays of 139 Ba and, in the duplicate set, (after a high-flux irradiation) with the gamma rays of 131 Ba. In 16 comparisons, 8 were within 1 standard deviation (the statistical error in counting gamma rays), 7 disagreed by between 1 IRIDIUM AND OTHER ELEMENTS NEAR THE CRETACEOUS/TERTIARY BOUNDARY and 2 standard deviations, and 1 differed by 2 standard deviations. This pattern is close to the theoretical expectations (11,4, and 1, respectively) and suggests that there were no severe fractionation problems in the measurement of the duplicate samples. When samples from the identical interval were not ground together, the agreement is sometimes fairly good, as seen in Table 3 for Samples DSEA-32/32a (516F-89-5, 27-28 cm) and 35/35a (516F-89-5, 34.0-34.5 cm), but sometimes large differences in chemical abundances occur, as seen in Samples DSEA-26/26a (516F-89-5, 11-12.5 cm), 28/28a (516F-89-5,18-20 cm), and 29/29a (516F-89-5, 20-22 cm) for the elements Cr, Hf, Ta, and Th. These differences probably reflect changes in composition over a region of a millimeter or a few millimeters. Although the values given in the tables are precisely measured, ratios between elements should be taken with caution unless these elements were measured on the same pill or on pills made from powder ground together at the same time. There should be enough information given in the text and tables to make these distinctions.
RESULTS AND CONCLUSIONS An iridium anomaly was detected in Sample 516F-89-5, 16-36.5 cm. The maximum Ir abundance was 0.95 ± 0.18 ppb in 516F-89-5, 33.0-33.5 cm. In 23 measurements of the background in a region extending from 43 m above the anomaly to 48 m below, no Ir was detected, and the best value of the background was 0.017 ± 0.031 or < 0.08 ppb. The Ir data are plotted in Figure 2 . From the Ir abundances within Sample 516F-89-5, 16-36.5 cm ( (Alvarez et al., 1980) . The data in Tables 2 and 3 show that 18 of 25 elements peak strongly in part of the same region as the Ir (Sample 516F-89-5, 29-36.5 cm). Many of these peaks may be related to an enhancement of about 3 g/cm 2 of an aluminous noncalcareous mineral (probably clay). This amount of enhancement is about twice that of the Cretaceous/Tertiary boundary clay in Gubbio, Italy, and Stevns Klint, Denmark (Alvarez et al., 1980) , and nearly comparable to that in DSDP Hole 465 authors' unpublished data, 1982 2 ). The abundances of Cr, Ti, and especially U, are higher in the Alrich samples in the Ir region than in other clays in the section, and the abundance of Mn is lower.
Some deductions may be drawn concerning the origin of the Cretaceous/Tertiary boundary clay in Hole 516F from the ratio of the Ce/Sm abundances. The Ce/Sm ratios for all of the samples studied in this work are plotted in Figure 3 along with the Al and some Sm abundances. As the detrital clay content in a marine section increases with respect to the authigenic and biogenic components, the Ce/Sm ratio should increase because continental shales often have Ce/Sm ratios of 10 or more, whereas seawater has a ratio of ~l. Thus the peaks in the Ce/Sm ratio at the top and bottom of Figure 3 , which also correspond roughly to peaks in the Al Cr 11.4 ±0.7 9.9 ± 0.7 6.3 ± 0.6 4.9 ± 0.6 9.1 ±0.7 47.2 ± 1.1 36.1 ± 1.0 55.3 ± 1.2 44.6 ± 1.4
6.8 ± 1.9 7.7 ± 0.7 8.9 ± 0.7 14.5 ± 3.0 8.8 ±0.7 14.3 ± 2.3 9.2 ± 0.7 13.1 ±2.6 14.5 ± 0.8 13.3 ±0.7 13.1 ±0.8 34.7 ± 0.9 27.8 ± 0.9 24.9 ± 0.8 24.6 ±0.8 75.8 ± 1.1 18.0 ± 0.7 47.6 ± 1.0 43.9 ±1.0 14.8 ± 0.7 15.8 ±0.7 14.8 ±0.7 13.7 ±0.7 13.9 ±0.7 15.0 ±0.7 18.4 ±0.8 18.9 ± 0.8 27.9 ± 0.8 43.9 ± 0.9 21.3 ±0. ±2.6 ± 3.9 + 4.8 ± 2.5 ± 2.7 ± 2.7 ± 2.7 ± 2.7 ± 3.2 ± 3.0 21.4 ± 3.0 43.3 53.7 38.5 ± 3.4 ± 3.9 ± 3.3 a The indicated errors are the estimated precisions of measurement; i.e., essentially the standard deviations in the counting of gamma rays following activation by neutron irradiation. Because of uncertainties in interference corrections, all precisions are at least 1%, although counting errors for some elements are smaller. The accuracies of the measurements are comparable to the precisions except when flux monitors were used for calibration. For corresponding DSDP sample numbers, see Table 1 . Dashes indicate that the element was not measured in the sample. " All Ir measurements were made on the pills indicated in the first column under the heading "NAA pill" in Table 1 . If two pill names are given for a single sample, all elements besides Ir were measured on the pills indicated in the second column under the heading "NAA pill." Exceptions occurred for Samples 26a, 29a, 31a, and 35a. All measurements on these samples were made on pills indicated in the first column under the heading given above. An asterisk is indicated after an Ir entry if the Ir and the other elements were not measured on the same pill or the same ground powders. c Flux monitors were used to calibrate the abundances of Se and Zn, and there may be calibration errors of about 10% in addition to the precisions of measurement. abundance, probably represent enhancements of detrital clay. The Ir region, on the other hand, contains three distinct Al abundance peaks with valleys in between but no corresponding oscillation in the Ce/Sm ratio. In fact the Ce/Sm ratio varies rather smoothly in the Ir region. It decreases about 30 % over a span of 6 cm from a somewhat constant value of 12 in Cretaceous sediments just below the boundary to a value of 8.5 in Tertiary sediments just above. Thus the clay in the Ir region is different from the detrital clays above and below the boundary, and is thus probably not mostly detrital, i.e., it has a prominent authigenic component. Such a component would be expected if the Ir were the result of a large bolide impact 65 Ma, and if part of the materials deposited in the Ir-rich region were alteration products of glassy dust resulting from the impact.
Cm above or below Ir maximum
We note that there is a very close correspondence between the iridium maximum and the "nannofossil" Cretaceous/Tertiary boundary at Site 516, and that the "foraminiferal" Cretaceous/Tertiary boundary is apparently several centimeters shallower in the core (Fig.  1) . The lithology in the vicinity of the boundary does not indicate extensive upward or downward mixing by bioturbation or by the drilling process. The Cretaceous planktonic foraminifers Globotruncana spp. apparently co-occur with nannofossils from Zone NP1 in an interval several centimeters thick above the iridium anomaly. We note this apparent lag between the major nannofossil "turnover" and that of the planktonic foraminifers; we suggest that the Cretaceous/Tertiary boundary stratigraphy be examined on a similar fine-scale spacing of samples at other locations where the sequence appears relatively undisturbed.
